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[57] ABSTRACT

The present invention 1s directed toward an image sen-

~ sor array comprising a plurality of pixels. Each pixel

includes a photodiode and a CCD channel region. An
overflow drain region is provided adjacent the CCD
channel region for extraction of excess charges. An
insulated gate read-out transfer electrode is further pro-
vided above the CCD channel region and a portion of
the substrate between the CCD channel region and the
photodiode. Three different potentials are applied to the
read-out transfer electrode for respectively storing
charge i1n the photodiode, extracting excess charge from
the photodiode while allowing signal charge to remain
in the photodiode, and reading out signal charge from
the photodiode.

13 Claims, 7 Drawing Sheets
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1
INTERLINE TRANSFER IMAGE SENSOR

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a CCD (Charge Cou-
pled Device) image sensor used in a television camera
and especially to a solid state image sensor which re-
duces excess charge overflow.

2. Description of the Related Art

Recently, a CCD image sensor that is compact, light,
and has long life has been widely used as an alternative
to an 1mage pick-up tube. In particular, an interline
transfer CCD, which has photodiodes and vertical
transfer CCD’s arranged two-dimensionally in an image
plate, 1s used for an individual video recorder or.a
handy camera for broadcasting and so on.

FIG. 1(a) and FIG. 1(b) show sectional views of a
structure of one pixel (picture element) in a conven-
tional solid state image sensor. |

As shown in FIG. 1(e), an n-type diffusion region 100
1s formed on a p-type Si substrate 102 to form photodi-
ode 130. An n-type vertical CCD channel region 104
and an overflow drain 106 are also formed on Si sub-
strate 102. N-type vertical CCD channel region 104 and
overflow drain 106 are formed on opposite sides of
n-type diffusion region 100. A transfer electrode 108,
which also functions as a read out electrode, is formed
over vertical CCD channel region 104 on a gate insulat-
ing layer 110. An overflow charge control electrode
112 1s formed on gate insulating layer 110 between n-
type diffusion region 100 and overflow drain 106. A
plananzing second insulating layer 114 is formed on the
surface of S1 substrate 102 and an optical shield 116 is
formed on portions of second insulating layer 114 such
that an opening 118 is formed above n-type diffusion
layer 100. In the sensor, incident light (hv) passes
through opening 118 of optical shield 116 and is photo-
electrically-converted to signal charge which is stored
in photodiode 130. The signal charges are transferred to
vertical CCD channel region 104 through a field shift
gate region 120 formed under transfer electrode 108
between channel region 104 and diffusion region 100.
The signal charges are then sequentially transferred
within channel region 104 to output circuitry (not
shown). Excess charges generated by a strong incident
light are extracted to overflow drain 106 through over-
flow extraction region 122 beneath overflow charge
control electrode 112.

FIG. 1(b) shows another conventional image sensor
including a so-called vertical overflow drain structure.
That 1s, a p-type well diffusion layer 102z, whose thick-
ness is thinner under n-type diffusion region 100 and is
thicker under vertical CCD channel region 104, is
formed on an n-type Si substrate 102, instead of forming
an overflow charge control electrode. Excess charges
are extracted through the thin portion of p-type well
diffusion layer 1024 into n-type substrate 1025.

FIG. 3 shows an input/output characteristic graph of
the pixel shown in FIG. 1. Specifically FIG. 3 illustrates
output current vs. amount of incident light of one CCD
pixel as shown in FIG. 1(¢) and FIG. 1(). Within range
204 along the abscissa of the graph shown in FIG. 3, the
amount of incident light is low and the output current of
the pixel has a substantially linear relationship with the
amount of incident light. But if the incident light ex-
ceeds a specific amount 206, i.e., the region 202 of the
graph, the graph levels off such that the output is satu-
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rated. That is, the output current is substantially con-
stant and mmdependent of the amount of incident light.
The output current becomes saturated because some of
the charges generated by the incident light go over the
potential barrier of overflow extraction region 122 and
are extracted by the overflow drain. The first region
200 1s determined by a difference in the “heights” of
potential barriers of field shift region 120 and a potential
of overflow extraction region 122 during the reading
out operation. _

FIG. 2 shows a plot of voltage potential vs. distance
along lines X-Y in FIG. 1(a). Numbered portions of the
plot designate the potential in corresponding numbered
regions of FIG. 1(a). The plot denoted by the solid line
illustrates potentials in regions 104, 120, 100, 122 and
106 when the CCD pixel of FIG. 1(a) is in a charge
storage state, 1.e., when charges are stored in photodi-
ode 130. In the charge storage state, charges isolated in
a potential well in n-type region 100 by the potential
barners of field shift gate region 120 and overflow ex-
traction region 122. That is, the potentials in field shift
gate region 120 and overflow extraction region 122 are
such that charges in the potential well cannot be trans-
ferred from n-type region 100. In the charge storage
state, the “height” of the potential barrier of field shift
gate region 120 is greater than that of overflow extrac-
tion region 122,

In a read out state of the CCD pixel shown in FIG.

| 1(a), a voltage is applied to transfer electrode 108 to

lower the potential barrier of region 120. Accordingly,
as shown by a dotted line in FIG. 2, charge stored n-
type region 100 “spills over” into n-type CCD channel
region 104 and is subsequently read out to output cir-
cuitry.

However, the “heights” of the potential barriers of
the field shift region 120 and overflow extraction region
122 1s given by a function of several variables, such as
the impurity concentration within these regions and the
voltages applied to transfer electrode 108 and overflow
charge control electrode 112. Accordingly, the differ-
ence between the “heights” of the potential barriers in
these regions can vary from pixel to pixel in the CCD.
In a pixel which has a small difference in the “heights”
of the potential barriers of regions 120 and 122, linear
region 200 may be narrow and the output current asso-
ciated with the second leveled off or saturated region
may be lower. In a pixel which has a large potential
difference, the first region 200 may be wide and the
output current of the second leveled off or saturated
region may be excessive. Thus, a CCD having many
pixels in which the difference in the “heights” of the
potential barriers is not uniform also has a limited dy-
namic range because excessive amounts of signal charge
can traverse the potential barrier “height” of overflow
extraction region 122, for example, and are not read out.
These charges therefore do not contribute to formation
of the image. Accordingly, the image generated by such
a CCD may be defective.

The conventional CCD pixel shown in FIG. 1(3) also
suffers from problems similar to those described above
in regard to the CCD pixel shown in FIG. 1(a).

Another conventional image sensor, shown in FIG.
10 1s described in U.S. Pat. No. 4,912,560. A p-type well
300 1s formed on a surface of n-type substrate 302. An
n-type region 304 is disposed in p-type well 300 to form
storage (photo) diode 305. A CCD channel region 306,
and n-type region 308 for injecting and extracting
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charges from channel region 306 are formed in p-type
well 300. N-type region 308 and the surrounding p-well
constitute a diode for the injection and extraction of
charge as will be discussed below.

A pull out electrode 310 is provided in contact with
n-type region 304. A pixel electrode 312 is formed over
storage diode 305 and CCD channel region 306. In

addition, a photoelectric conversion layer 314 and a
transparent electrode 316, to which a voltage is applied,

are stacked on pixel electrode 312. Element 318, shown

S

10

in FIG. 10, is a gate for extracting charges and element

319 1s a read out gate.

In this type of image sensor a re31dual image can form
as a result of residual charges. Residual charges are
those signal charges which are not read out and remain
in CCD channel region 306 or in photoelectric conver-
sion layer 314, even though most of the signal charge

has been read out through photoelectric conversion

layer 314, n-type region 304 of storage diode 305, and
CCD channel region 306. To prevent formation of the
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residual image, after signal charges are read out and

before subsequently generated signal charges are stored
In storage diode 305, bias charges are injected from
injecting/extracting diode 307, through CCD channel
region 306, into storage diode 304. The bias charges are
‘then transferred to photoelectric conversion layer 314.
The bias charges along with any residual charges are
then extracted from photoelectric conversion layer 314,
through storage diode 304 and CCD channel region
306, back to injecting/extracting diode 307. Extraction
of these residual charges inhibits formatlon of the resid-
ual image.

Injection and extraction of bias charge, as described
above, 1s performed after signal charges are read out

and before storage of subsequently generated signal .

charges. The injection and extraction of bias charge
occurs during the vertical blanking t; period (see FIG.
11) which is determined by the TV format. Photoelec-
tric generation and storage of signal charges are carried
out during the effective vertical period t2, also shown 1n
FIG. 11.

FIGS. 12(a) and 12(b) show potentials in the semicon-
ductor regions of FIG. 10. In FIGS. 12(a) and 12(5), the
hatched areas indicate the presence of charge carriers
(1.e., electrons). Level A in FIGS. 12(a) and 12(b) repre-
sents the potential level at the surface of field shift re-
gion 317 when a read out potential is applied to gate 319
to read out charge stored in storage diode 305. As seen
in FIG. 12(a), when the image sensor is exposed to
moderate light intensities, a correspondlng amount of
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charge photoelectrically generated in photoelectric 20

conversion layer 316 is collected or stored in n-type
region 304, pull-out electrode 310 and pixel electrode
312. However, when the image sensor is exposed to
high intensity light, as seen in FIG. 12(b), only a maxi-
mum amount of charge Q;can be stored in n-type region
304 and electrodes 310 and 312. Q; may be determined
from the following formula:

Q;=(Potential at level A—Potential at level B) x Cj;

where the potential at level B is the potential of trans-
parent electrode 316 and C;is the capacitance of storage
diode 30S.

Since the potential at level A is a function of several
process dependent variables, such as the thickness of the
oxtde layer overlying the field shift region and the con-
centration of doping impurities within this region, the
potential at level A can vary from pixel to pixel. If the
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potential at level A in a particular pixel is high, Q; for
that pixel is correspondingly high and the amount of
charge transferred to the CCD channel region from the
storage diode can be excessive when the image sensor 1s
exposed to high intensity light. Accordingly, the CCD
pixel shown in FIG. 10 can have an input/output char-
acteristic similar to that shown in FIG. 3 which suffers

from an excessive output saturation current due to the
high Q;. Thus, the pixel shown in FIG. 10 also has a

reduced dynannc range.

Thus, in both of the conventional CCD i 1mage sensors
described above, excess charge which i1s generated in
response to a high mput light intensity causes a devia-
tion in the maximum or saturated output current of each
pixel of the image sensor. Accordingly, the image gen-
erated by the image sensor can be defective.

SUMMARY OF THE INVENTION

A first object of the invention is to provide a solid
state 1mage sensor which generates an image having
fewer defects.

A second object of the invention is to provide a sohid
state 1mage sensor in which the maximum output cur-
rent of each pixel is substantially the same.

A third object of the invention is to provide a solid
state 1mage sensor having an increased dynamic range.

To attain the objects of the invention, there is pro-
vided a semiconductor device comprising: a semicon-
ductor substrate having a first conductivity type and a
primary surface; a first semiconductor region having a
second conductivity type being formed in the primary
surface of said substrate, said substrate substantially
surrounding said first semiconductor region; a second
semiconductor region having said second conductivity
type being formed in the primary surface of said sub-
strate and spaced from said first semiconductor region;
transferring means for transferring charge in said first
semiconductor region to said second semiconductor
region; first means for applying a first potential to said.
transferring means; second means for applying a second
potential to said transferring means; and third means for
applying a third potential to said transferring means.

Further in accordance with the present invention, a
solid state image sensor is provided which comprises: a
substrate having a primary surface; a plurality of photo- -
diodes arranged in a plurality of rows in said primary
surface of said substrate, said plurality of photodiodes -
for photoelectrically generating signal charges and ex-
cess charges; a plurality of vertical CCD channel re-
gions formed in the primary surface of said substrate
and being respectively located between adjacent rows
of said plurality of photodiodes, for receiving the signal
charges and excess charges; an overflow drain region -
formed in the primary surface of said substrate and
being spaced from said vertical CCD channel regions
for extracting the excess charges from said plurality of
vertical CCD channel regions; an insulated gate elec-
trode disposed above each of said plurality of vertical
CCD channel regions and portions of the primary sur-
face disposed between said plurality of photodiodes and
sald plurality of vertical CCD channel regions; first
means for applying a first potential to said insulated gate
electrode; second means for applying a second potential
to said transferring means; and third means for applying
a third potential to said transferring means, wherein said
first potential is greater than said second potential and
said second potential is greater than said third potential.
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BRIEF DESCRIPTION OF THE DRAWINGS

The above objects and advantages of the invention
will be apparent from the following description, taken
In conjunction with the accompanying drawings, in
which:

FIG. 1(a) and FIG. 1(b) are sectional views of the
conventional solid state image sensor,

FI1G. 2 is a plot of voltage potential vs. distance along
lines X-Y in FIG. 1(a),

FIG. 3 is an input/output characteristic graph ac-
cording to the conventional solid state image sensor,

FIG. 4 shows a schematic sectional view of a pixel of
a solid state image sensor according to a first embodi-
ment of the present invention,

F1G. § shows a potential graph of operational modes,
taken along line X-Y in FIG. 4,

FIG. 6 shows an input/output characteristic graph
according to the first embodiment of the present inven-
tion,

FIG. 7 shows a schematic view of an image sensor
array according to the first embodiment,

FIGS. 8(a), 8(b), 8(c) and 8(d) show a timing chart of
signals associated with the first embodiment,

FIG. 9 shows a sectional view of a pixel of a solid
state image sensor according to a second embodiment of
the present invention,

FIG. 10 is a cross-sectional view of a second conven-
tional image sensor,

FIG. 11 is a timing chart associated with the conven-
tional image sensor shown in FIG. 10, and
- FIGS. 12(a) and 12(b) are plots of voltage potentials
within regions of the device shown in FIG. 10.

DETAILED DESCRIPTION OF THE
- PREFERRED EMBODIMENT

Reference will now De made in detail to the present
preferred embodiments of the invention, examples of
which are illustrated in the accompanying drawings.
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Wherever possible, the same reference numbers will be 40

used throughout the drawings to refer to the same or
like parts.

As noted above, the difference of the “heights” of the
potential barriers of the field shift region and overflow

extraction region determine the extent of the range of 45

incident light intensity (amount of incident light) over
which the plot of output current vs. amount of incident
light is linear. The difference in the potential barrier
“heights™ of these regions also determines the saturated
output current level of the CCD pixel.

In accordance with the present invention, excess
charge generated in the photodiode is transferred to the
CCD channel region via a field shift region. The excess
charge traverses only a single potential barrier, the
potential barrier of the field shift gate region. In con-
trast, In the conventional CCDs described above,
charge generated in the photodiode traverses one of
two potential barriers, 1.e., the potential barrier of either

50

335

the field shift gate region or the overflow extraction -

region. Since the linear region of the output characteris-
tic of the conventional CCD pixels is a function of the
difference of these two barrier “heights”, the linear
region can vary from pixel to pixel in the conventional
image sensor. In accordance with the present invention,
however, only the potential barrier of the field shift
region determines the linear region and saturation cur-
rent level of the output characteristic of the pixel. Since
the potential barrier height of only the shift gate region

65
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1s more readily controlled, as opposed to maintaining a
constant difference between two potential barriers, a
uniform range of input light intensities (amount of inci-
dent light) which yields a linear output current and
saturation current level is more easily achieved. Ac-
cordingly, the saturated current level can be made uni-
form for each pixel and the dynamic range can be in-
creased because the output, during generation of excess
charges, can be used.

Further, it is noted that in the conventional CCD
pixel shown in FIG. 10, one of only two potentials are
applied to the read out transfer electrode overlying the
field shift region and the CCD channel regions at any
given time. Upon application of one potential to the
read out transfer electrode, charge is isolated from the
CCD channel region. Upon application of the second
potential, charge, including excess charge, is transferred
from the storage diode to the CCD channel region
where it 1s subsequently read out.

However, in accordance with an additional feature of
the present invention, one of three potentials is applied
to the read-out transfer electrode at any particular time. |
A low potential is applied to the read-out transfer elec-
trode to 1solate charge from the CCD channel region.
An intermediate potential is also applied which removes
excess charge in the storage diode to the CCD channel
region where it is subsequently transferred to an over-
tflow drain. Upon application of a high potential, charge
in the storage diode is transferred to the CCD channel
region where it is subsequently transferred to read out
circuitry of the image sensor.

Application of the intermediate potential facilitates
removal of excess charge in the storage or photodiode
while signal charges remain in the photodiode. Accord-
ingly, even though the potential level A (see FIGS.
12(a) and 12()) can vary from pixel to pixel, the maxi-
mum current output, i.e., the saturation current, to the
read out circuitry from each pixel can be made substan-
tially the same. Accordingly, the dynamic range of the
image sensor is improved.

A first embodiment in accordance with the present
invention will now be described with reference to FIG.
4. As seen 1n FIG. 4, a photodiode 27 including n-type
region 10 is formed on the surface of Si substrate 16.
N-type vertical CCD channel region 12 and an n-type
overflow drain region 14, are diffused into the surface
of a p-type Si substrate 16. Overflow drain 14 and pho-
todiode 27 are positioned on opposite sides of CCD
channel region 12. A field shift region 18 is formed
between n-type region 10 and vertical CCD channel
region 12. An overflow extraction region 32 is formed
between vertical CCD channel region 12 and overflow
drain 14. A read out/transfer electrode 20 and an over-
flow potential control electrode 22 are formed on sub-
strate 16 on insulating layer 24.

Read out/transfer electrode 20 is formed on field shift
region 18 and vertical CCD channel region 12. Over-
flow potential control electrode 22 is formed over over-
flow extraction region 32. A planarizing second insulat-
ing layer 26 is formed so as to cover read out/transfer
electrode 20 and overflow potential control electrode
22. Optical shield 28 which has an opening 30 over
n-type region 10, i1s formed on insulating layer 26. In
addition, a Si layer (not shown in the figure) can be
formed, so as to improve the efficiency of photodiode
27. Preferably, arrays of photodiodes are isolated by
p+ diffusion layer 23.
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In the device shown in FIG. 4, light (hv) incident
through opening 30 of optical shield 28 is photoelectri-
cally converted in the depletion region formed at the

“Junction of n-type region 10 and p-type substrate 16 and

stored as signal charge. The signal charge is transferred
through field shift region 18 under transfer electrode 20
and moves into vertical CCD channel region 12.

- Excess charges generated at photodiode 27 by a
strong incident light, are transferred through field shift

region 18 to vertical CCD channel region 12 and then
through overflow extraction region 32 to overflow
drain 14.

The operation of the device shown in FIG. 4 will
now be described with reference to FIG. 5 which

shows a plot of voltage potential taken along line X~Y
in FIG. 4.
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~ ated, there is little deviation in the saturated current

10

15

The plot denoted by the solid line 40 in FIG. 5 shows

the potential along line X-Y in FIG. 4 while signal
charges are stored in photodiode 27. If excess charge
accumulates in photodiode 27, the excess charge is
transferred to vertical CCD channel region 12 (as indi-
cated by arrow 40A) through field shift gate region 18.
Signal charges, however, remain stored in photodiode
27. Duning this operation, 7 V and 13 V are respectively
applied to overflow drain 14 and overflow gate 32.

Application of the intermediate potential to gate 20 is

represented by solid line 40 in regions 12 and 18.
- A first dotted line 42 in FIG. 5 shows potentials in
regions 12 and 18 when a low level of voltage, for exam-
ple, 0 V 1s applied to read out/transfer electrode 20. The
low level voltage is applied prior to the read out of
signal charges stored in photodiode 10 to vertical CCD
channel region 12. Upan application of the low poten-
tial, charges remaining 1n vertical CCD channel region
12, including excess charges from photodiode 27, are
transferred to overflow drain region 14 (as indicated by
arrow 42A) through overflow extraction region 32. In
this case, the potential of vertical CCD channel region
12 1s set to be approximately 5 V. |

A second dotted line 44 in the figure shows the poten-

tial along line X-Y during reading out of signal charges -

from photodiode 27. Signal charges are transferred to
vertical CCD channel region 12 from photodiode 27 by
applying a high level of voltage, such as 10 V, to elec-
trode 20. In this case the transfer of signal charges is
indicated by arrow 44A in FIG. 5. It should be noted
that the potential barrier of region 18 is “lowered”” more
upon application of the high potential than it is upon
application of the intermediate potential. Thus, excess
charge is transferred out of photodiode 27 upon applica-
tion of the intermediate potential and signal charge are
transferred out of photodiode 27 upon application of the
high potential.

As described above, the storing of signal charges, the
reading out of signal charges and the extraction of ex-
cess charges can be carried out by applying one of three
corresponding voltages to transfer electrode 20. More-
over, since excess and signal charges are transferred
across a single region 18 instead of one of two regions as
in the conventional image sensor pixel described above
and the potential of the field shift gate can be made
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constant for each pixel, the saturated output current can

be made uniform for each pixel. Thus, each pixel in the
Image sensor array according to the present invention
has an output characteristic similar to that shown in
FIG. 6. Since each pixel has substantially the same out-
put characteristic, even when excess charges are gener-

65

level of each pixel and the dynamic range is increased.

As 1s apparent from the above description, the verti-
cal CCD channel region extracts excess charges to the |
overflow drain and transfers signal charges to the read
out circuitry. Thus, the image sensor of the first em-

bodiment may be incorporated into a frame interline
transfer (FIT) CCD image sensor, as shown in FIG. 7.
The FIT CCD image sensor comprises an exposed re-

gion, including a plurality of photodiodes 27 arrayed in
a matrix, vertical CCD channel regions 12 arrayed be-
tween adjacent arrays of photodiodes 27, overflow
drains 80, 2 memory region 52 comprising a CCD and
being adjacent to the exposed region, a horizontal CCD
54, and an output amplifier 56. In this structure, vertical
CCD channel regions 12 transfer signal charges during
the vertical blanking period of the TV format and serve
as a path for extraction of excess charge during the
effective vertical period of the TV format.

A timing chart of the FIT CCD image sensor is
shown FIG. 8. FIG. 8(a) shows a composite blanking
signal associated with the TV format. The composite
blanking signal comprises a vertical blanking pulse 60
and a horizontal pulse 62. FIG. 8(b) shows a driving
signal which is applied to read out/transfer electrode 20
of FIG. 4. The driving signal includes an extracting
pulse 64 (corresponding to the low potential) which is
applied to read out/transfer electrode 20 to extract
charges remaining in vertical CCD channel region 12.
A field pulse 66 (corresponding to the high potential) is
applied to read out/transfer electrode 20 in order to
transfer signal charges from photodiode 27 to vertical
CCD channel region 12. A high speed transfer pulse 68
1s applied to read out transfer electrode 20 in order to
transfer signal charges within vertical CCD region 12 to
memory CCD 32. An overflow pulse 70 (corresponding

to the mntermediate potential) is applied to read out/-

transfer electrode 20 for extracting excess charges gen-
erated in photodiode 27. Overflow pulse 70 is set to a
predetermined voltage which is intermediate between
the lower voltage (e.g., 0 V) and the higher voltage
(e.g., 10 V). The pulse width of overflow pulse 70 is
substantially equal to the time between high speed
transfer pulse 68 and the extractmg pulse 64a of the next
period.

FIG. 8(c) shows a transfer signal of the memory CCD
12. The transfer signal includes a second high speed
transfer pulse 72, similar to high speed transfer pulse 68,
and a line shift pulse 74. Line shift pulse 74 serves to
transfer signals corresponding to one row of the image
into horizontal CCD 54. FIG. 8(d) shows horizontal
transfer pulses 76 which are applied to horizontal CCD
54 for sequentially transferring signals of one line of the
image at a time to output amplifier 56.

In the FIT CCD described above, first, charges re-
maining in vertical CCD region 12 are extracted, sec-
ond, charges stored in photodiode 10 are read out to
vertical CCD region 12, and third, signal charges are
transferred into memory CCD 53 from vertical CCD
12. Photodiode 27 stores signal charges during the ef-
fective vertical period which is substantially equal to
the time between high speed transfer pulse 68 and the
extracting pulse 64a of the next period, i.e., the pulse
width of overflow pulse 70. Excess charges generated
during the effective vertical period in photodiode 27 by
strong incident light are transferred to vertical CCD
region 12 through field shift gate region 18. That is,
excess charges are transferred to CCD region 12 while
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signal charges are stored in photodiode 27. During the |
vertical blanking period, signal charges of memory

9

CCD 12 are read out to horizontal CCD 54 and output
through output amplifier 56. As described above, excess
charges are extracted to the overflow drain which is
located adjacent vertical CCD region 12 and opposite
photodiode 27. However, as seen in FIG. 7, extraction
gate 80 and extraction drain 82 (i.e., the overflow drain)
may be formed adjacent to one side of vertical CCD
region 12 and not necessarily opposite photodiode 27.
According to the first embodiment, as excess charges
generated by a strong incident light are extracted into

10

overtlow drain 14 through field shift region 18 and

vertical CCD region 12, the amount of excess charge
extracted 1s determined by the “height” of the potential
barrier of field shift region 18. Accordingly, the satura-
tion current level can be made uniform for each pixel
and dynamic range can be increased.

A second embodiment of the invention will now be
described with reference to FIG. 9. FIG. 9 is a sche-
matic sectional view of an image sensor pixel according
to the second embodiment. Reference numerals com-
mon to both FIGS. 4 and 9 denote similar structures in
these figures. Accordingly, reference is made to the
above discussion of FIG. 4 for a description of struc-
tures common both to FIGS. 4 and 9.

In contrast to the first embodiment, the second em-
bodiment includes a vertical overflow drain which is
provided beneath vertical CCD region 10. That is, p-
type well 84 is formed on an n-type Si substrate 86 and
on n-type region 10 is diffused in p-type well 84 to form
photodiode 27. P-type well 84 is formed to be thinner
below CCD channel region 12 and thicker below pho-
todiode 27. N-type Si substrate 86 beneath CCD chan-
nel region 12 serves as the overflow drain. The basic
operation of this structure is similar to that of the first
embodiment. Excess charges generated in photodiode
27 are extracted into substrate 86 along a path X-Y
shown in FIG. 9. That is, excess charges are extracted
from photodiode 27, through field shift region 18, to
CCD channel region 12. The excess charge then moves
1nto substrate 86 through the thin portion of well region
84 between CCD channel region 12 and substrate 86.
Accordingly, similar advantages to those of the first
embodiment can be obtained herein.

Numerous modifications and variations of the present
invention are possible in light of the above teachings. It
is therefore to be understood that, within the scope of
the appended claims, the present invention can be prac-
ticed 1n a manner other than as specifically herein. For
example, 1n the first and second embodiments, the over-
flow drain and photodiode 27 are provided on opposite
sides of the vertical CCD channel region or below the
vertical CCD channel region. However, the overflow
drain can have other structures such that excess charges
iIn photodiode 27 may be extracted through the vertical
CCD channel region.

What is claimed is:

1. A semiconductor device comprising:

a semiconductor substrate having a first conductivity

type and a primary surface;

a first semiconductor region formed in the primary
surface of said substrate, said substrate substantially
surrounding said first semiconductor region, said
first semiconductor region having charge, includ-
ing excess charge, photoelectrically generated
therein;
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10

a second semiconductor region having a second con-
ductivity type formed in the primary surface of
said substrate and spaced from said first semicon-
ductor region through a field shift region;

a third semiconductor region having a second con-
ductivity type and spaced from said first and sec-
ond semiconductor regions, said third semiconduc-
tor region for extracting said excess charge from
said second semiconductor region;

reading out and transferring means, disposed over
said second semiconductor region and said field
shift region, for reading out and transferring
charge in said first semiconductor region to said
second semiconductor region;

a potential applying means for applying a first poten-
tial, a second potential, and a third potential to said
reading out and transferring means, at least two of
sald potentials are potentials to render the field
shift region highly conductive, and said second
potential 1s between said first potential and said
third potential in potential height, said second po-
tential being applied to said reading out and trans-
ferring means while said photoelectrically gener-
ated charge other than said excess charge is present
in said first semiconductor region.

2. A semiconductor device according to claim 1,
wherein said first potential is applied for extracting
substantially all excess charge in said second region to
said third region and said second potential is applied for
removing excess charge in the first region to said third
region through said second region and said third poten-
tial is applied for transferring charge in said first region
to said second region.

3. A semiconductor device according to claim 1
wherein said third semiconductor region is located in
the primary surface of said substrate.

4. A semiconductor device according to claim 1
wherein said third semiconductor region is located in
said substrate and spaced from the primary surface of
said substrate.

5. A semiconductor device according to claim 1,
wherein said second potential is applied to said reading
out and transferring means during an effective vertical
period of a television format.

6. A semiconductor device according to claim 1
wherein said first region and at least a portion of said
substrate surrounding said first region constitutes a
photodiode.

7. A semiconductor device according to claim 1
wherein said second region constitutes a CCD channel
region.

8. A semiconductor device according to claim 1
wherein said third region constitutes an overflow drain
region. |

9. A solid state image sensor comprising:

a substrate having a primary surface;

a plurality of photodiodes arranged in a plurality of
rows in said primary surface of said substrate, said
plurality of photodiodes for photoelectrically gen-
erating charge; -

a plurality of vertical CCD channel regions formed in
the primary surface of said substrate and being
respectively located between adjacent rows of said
plurality of photodiodes;

an overflow drain region formed in the primary sur-
face of said substrate and being spaced from said
photodiodes and said vertical CCD channel re-
gions through a field shift region; -
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a plurality of insulated gate electrodes disposed above
each of said plurality of vertical CCD channel
regions and portions of the primary surface dis-
posed between said plurality of photodiodes and
said plurality of vertical CCD channel regions; 5

first means for applying a first potential to said plural-
ity of insulated gate electrodes: '

12 -

ated charge to said plurality of vertical CCD chan-
nel regions after said substantial and remaining
portions of the first portion of photoelectrically
generated charge have been transferred to said
overflow drain region, wherein said third potential
1s greater than said second potential and said sec-
ond potential is greater than said first potential.

second means for applying a second potential to said - 10. A solid state image sensor according to claim 9,
plurality of insulated gate electrodes which render wherein said solid state image sensor is a frame interline
said field shift region highly conductive, whereby a 10 transfer charge coupled device.

first portion of the photoelectrically generated 11. A solid state image sensor according to claim 9,
charge in said plurality of photodiodes is transmit- wherein the first portion of the photoelectrically gener-
ted to said plurality of CCD channel regions, while ated charge is an excess charge.

a second portion of the photoelectrically generated 12. A solid state image sensor according to claim 9,
charge remains in said plurality of photodiodes, 15 wherein the second portion of the photoelectrically
and thereafter a substantial portion of the first por-  generated charge is a signal charge.

tion of photoelectrically generated charge is trans- 13. A solid state image sensor according to claim 9
ferred to the overflow drain from said plurality of  further comprising; '

vertical CCD channel regions, a remaining portion read-out circuit means for receiving said second por-

of said first portion of photoelectrically generated 20
charge in said vertical CCD channel region being

tion of photoelectrically generated charge from
said plurality of CCD channel regions; and

transferred to said overflow drain during applica- second transferring means for transferring said sec-

tion of the first potential by said first means:

third means for applying a third potential to said
plurality of insulated gate electrodes to transfer 25
said second portion of the photoelectrically gener-
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ond portion of photoelectrically generated charge
from said plurality of CCD channel regions to said

read-out circuit means.
| * b - * * *
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